Key Points {#FPar1}
==========

Remogliflozin etabonate 100 and 250 mg achieved greater reductions in glycated hemoglobin (HbA1c) and demonstrated noninferiority in reducing HbA1c levels compared with dapagliflozin 10 mg over 24 weeks.The use of rescue medication was lower, and the proportion of patients achieving therapeutic glycemic response was higher, in patients receiving remogliflozin etabonate.Reductions in blood glucose levels and bodyweight were also similar among the three study groups. No severe adverse events were observed.Remogliflozin etabonate could be an effective and well-tolerated alternative treatment option for glycemic control in patients with type 2 diabetes mellitus.

Introduction {#Sec1}
============

According to the International Diabetes Federation \[[@CR1]\], 425 million people worldwide have diabetes mellitus (DM), accounting for two-thirds of adults aged 20--64 years, and the proportion of deaths due to DM before the age of 60 years ranges from 36 to 73% \[[@CR1]\]. The ten countries with the highest prevalence of DM account for almost 60% of the global disease burden, with China (114 million people), India (73 million people), and the USA (30 million people) contributing to most of this \[[@CR1]\]. Therefore, the management of DM through effective treatment interventions is of the utmost importance in the field of clinical research.

To achieve glycemic targets, multiple agents with complementary mechanisms are frequently required, and treatment for type 2 DM (T2DM) is evolving. Metformin is the first-line treatment for T2DM \[[@CR2]--[@CR5]\], but many patients either cannot tolerate metformin or cannot achieve glycemic control with metformin monotherapy. Consequently, treatment with other glucose-lowering agents as monotherapy or in combination with metformin is required \[[@CR3]--[@CR7]\].

Sodium glucose co-transporter-2 (SGLT2) inhibitors are a new class of antidiabetic drugs. SGLT2 is primarily expressed on the luminal side of the renal proximal tubule and absorbs almost all glucose filtered in the glomerular filtrate. Glucose absorption by the SGLT2 receptor is considered a primary pathway for renal glucose reabsorption. Inhibition of this pathway thus enhances urinary glucose excretion and consequently reduces blood glucose levels. In addition, SGLT2 inhibitors have other advantages in patients with T2DM, including reductions in both bodyweight and blood pressure (BP). As this mechanism of action is independent of insulin sensitivity and metformin's mechanism of action, SGLT2 inhibitors are considered important glucose-lowering agents as monotherapy or in combination with other antidiabetic agents \[[@CR8]--[@CR10]\].

Remogliflozin etabonate, a novel agent, is an orally bioavailable prodrug of remogliflozin, which is a potent and selective inhibitor of SGLT2. Significant urinary glucose excretion has been observed with single doses of remogliflozin etabonate. Compared with other approved SGLT2 inhibitors such as dapagliflozin, canagliflozin, empagliflozin, which have longer half-lives, remogliflozin etabonate has a short elimination half-life and requires twice daily (BID) administration to obtain 24-h glucose-lowering effects \[[@CR11]--[@CR15]\]. Dapagliflozin is an approved SGLT2 inhibitor widely used in India \[[@CR16]\].

The present phase III study aimed to evaluate the efficacy and safety of remogliflozin etabonate 100 and 250 mg compared with dapagliflozin 10 mg over 24 weeks of treatment in patients with T2DM for whom glycemic control with metformin monotherapy was inadequate. This paper discusses the first analysis of this study performed to evaluate the noninferiority of the two doses of remogliflozin etabonate compared with dapagliflozin.

Methods {#Sec2}
=======

Trial Design and Oversight {#Sec3}
--------------------------

The study was conducted in accordance with the Declaration of Helsinki and International Conference on Harmonization guidelines for good clinical practice. The study protocol was reviewed and approved by the institutional ethics committee at each study site. Written informed consent was obtained from all patients prior to their enrolment into the study.

This was a randomized, double-blind, double-dummy, multicenter, active-controlled phase III clinical trial conducted at 55 sites in India between 1 December 2017 and 26 December 2018.

Subjects {#Sec4}
--------

To be eligible for the study, patients were aged ≥ 18 and ≤ 65 years, had been diagnosed with T2DM, were receiving a stable dose of metformin ≥ 1500 mg/day as monotherapy for at least 8 weeks prior to screening, and had inadequate glycemic control (glycated hemoglobin \[HbA1c\] ≥ 7 to ≤ 10%) at screening. We excluded patients with a diagnosis of type 1 DM or secondary DM, a history of metabolic acidosis or diabetic ketoacidosis, a body mass index (BMI) ≥ 45 kg/m^2^ at screening, or estimated glomerular filtration rate (eGFR) \< 60 mL/min/1.73 m^2^.

Eligible patients entered at least 2 weeks of an open-label lead-in period. During this time, all patients received a standard consultation for dietary and exercise modification in accordance with the applicable national/international guidelines, along with continuation of metformin at doses recorded during screening. The key laboratory assessments were repeated after the lead-in period before randomization to obtain accurate baseline values.

Study Treatment {#Sec5}
---------------

Eligible patients were randomized into three groups to receive one of the following treatments: Remogliflozin etabonate 100 mg (group 1) or 250 mg (group 2) administered as one tablet BID for 24 weeks or (group 3) dapagliflozin 10 mg as one tablet once daily (QD) in the morning for 24 weeks. Matching placebos were used to blind treatment allocation. The randomization scheme was computer generated, and treatment kits were identified by numeric codes. Treatments were assigned sequentially and centrally using an interactive web response system.

In addition, all patients continued to receive metformin, in an open-label manner, at the same dose that they were receiving at time of screening. The dose of metformin was unaltered throughout the study period. Balanced randomization was ensured in group 1 and group 2, and randomization was stratified for baseline HbA1c levels (7--7.9%, 8--8.9%, and 9--10%) at the randomization visit.

Study Protocol {#Sec6}
--------------

The maximum period of study participation for any patient was approximately 29 weeks (3 weeks of screening, 24 weeks of double-blind treatment, and 2 weeks of follow-up after the last dose of study drug). Patients were required to visit the study site at weeks 1 and 4 after randomization, followed by visits every 4 weeks until week 24. An additional follow-up visit for safety assessment was scheduled for 2 weeks (at the 26th week) after receiving the last dose of study drug.

A detailed medical history was obtained from patients/caregivers at the screening visit. The clinical examination include a complete physical examination and measurement of bodyweight, height, BMI, waist circumference, vital signs (including pulse rate, supine BP, and oral temperature), and laboratory assessment of HbA1c, fasting plasma glucose (FPG), postprandial plasma glucose (PPG), and lipid parameters (total cholesterol \[TC\], low-density lipoprotein cholesterol \[LDL-C\], high-density lipoprotein cholesterol \[HDL-C\], and triglycerides \[TG\]). These examinations were repeated at each study visit up to 24 weeks. FPG and lipids were assessed on samples collected before breakfast, whereas PPG was assessed on samples collected 2 h after breakfast as per standard clinical practice. These assessments were performed at a central laboratory. Additionally, patients received glucose meters to monitor their blood glucose levels at home (self-monitored blood glucose). All BP measurements were performed on the same arm, preferably by the same person after the subject had been sitting for 5 min at screening and supine for 5 min at all visits. Urine culture was conducted at every visit. Safety assessments of treatment-emergent adverse events (TEAEs), safety laboratory values, electrocardiogram (ECG), and vital signs were monitored and recorded.

Outcomes {#Sec7}
--------

The primary efficacy endpoint was mean change from baseline in HbA1c levels at week 24. Secondary endpoints included mean change from baseline in HbA1c levels at week 12, proportion of patients achieving a therapeutic glycemic response (defined as HbA1c \< 7%) at 24 weeks, proportion of patients requiring rescue medication (defined as patients with FPG \> 240 mg/dL at any time from baseline to week 12 or FPG \> 200 mg/dL or HbA1c \> 8% from week 12 to 24) during the 24 weeks of treatment, mean change from baseline in FPG and PPG levels at 12 and 24 weeks, mean change from baseline in total bodyweight after 12 and 24 weeks, mean change from baseline in fasting lipids (TC, LDL-C, HDL-C, and TG) at week 24, and mean change from baseline in systolic BP (SBP) and diastolic BP (DBP) after 24 weeks. Safety endpoints were TEAEs (including AEs of special interest, such as hypoglycemic events, urinary tract infection \[UTI\], and genital fungal infection), safety laboratory values, ECG, and vital signs.

Definitions of Analysis Sets {#Sec8}
----------------------------

The per protocol (PP) analysis set included all subjects who were randomized, received at least one dose of study drug, completed the study, and did not have any major protocol deviations (e.g., intake of prohibited concomitant medications/therapy or failure to meet protocol-specified eligibility criteria after enrolment into the study).

The modified intent-to-treat (mITT) analysis set included all randomized patients who received at least one dose of study medication, who had a non-missing baseline measurement, and who had at least one post-baseline efficacy measurement for a primary efficacy variable.

The safety analysis set included all patients who were randomized and received at least one dose of study medication.

Statistical Analysis {#Sec9}
--------------------

In total, 519 evaluable patients were required to provide a power of 90% for testing the noninferiority of either dose of remogliflozin etabonate (100 and 250 mg) with dapagliflozin 10 mg at 24 weeks, with a noninferiority margin of 0.35% for HbA1c change from baseline assuming a standard deviation (SD) of 1% and at significance level of 5%. Assuming that approximately 15% of randomized patients would not be available for analysis, we included an initial 612 randomized patients in this first analysis.

Analysis of the primary and secondary endpoints was conducted using the mITT and PP sets. The comparison of remogliflozin etabonate versus dapagliflozin in change in HbA1c levels from baseline to week 24 was analyzed using a mixed-model repeated measure (MMRM) method. The MMRM model included data from all visits until week 24 and covariates (treatment, visit, HbA1c baseline, center, and treatment by visit interaction); an unstructured covariance matrix was used, which allowed adjustment for correlations between the time points within patients.

Mean changes from baseline to specified time points for the FPG, PPG, fasting lipids, and bodyweight endpoints were summarized and analyzed using the MMRM method in the PP and mITT sets. The proportion of subjects achieving therapeutic glycemic response and the proportion requiring rescue medication were summarized by treatment group and compared using the chi-squared test.

Sensitivity analyses on the primary efficacy endpoint included analysis of covariance (ANCOVA) with last observation carried forward to handle missing data with the original covariates of treatment, visit, HbA1c baseline, center, and treatment by visit interaction on PP and mITT populations; ANCOVA with observed cases with the same covariates on the PP and mITT populations; and ANCOVA with original results including values on rescue medication.

The analysis of safety and tolerability was based on the safety analysis set. Safety data during the 24-week double-blind treatment period and the 2-week safety follow-up period were evaluated and summarized descriptively. AEs were coded using the Medical Dictionary for Regulatory Activities (version 20.0) and were summarized by system organ class (SOC) and preferred term (PT). Subjects were counted only once for each PT and SOC and by the highest severity of an event. Laboratory evaluations were summarized with descriptive statistics at each visit, and change from baseline was summarized for each post-baseline visit. Descriptive statistics were used for vital sign results and ECG parameters, and changes from baseline were presented. The data were analyzed using SAS^®^ version 9.4 or above. Continuous variables were presented as means ± SD and categorical variables as frequencies and percentages.

Results {#Sec10}
=======

A total of 612 patients were randomized into three groups: (1) remogliflozin etabonate 100 mg BID, *n* = 225; (2) remogliflozin etabonate 250 mg BID, *n* = 241; and (3) dapagliflozin 10 mg QD, *n* = 146. Of the 445 (72.7%) patients who completed the study, 167 (74.2%) were from group 1, 175 (72.6%) were from group 2, and 103 (70.5%) were from group 3. Of the 166 (27.1%) patients who were withdrawn from the study, 57 (25.3%) were from group 1, 66 (27.4%) were from group 2, and 43 (29.5%) were from group 3. The overall dropout rate was high but similar between the three treatment groups. The most common reason was withdrawal by subject: 15.1%, 15.4%, and 20.5% in groups 1, 2, and 3, respectively. One patient was incorrectly randomized; the investigational product was not dispensed, so the patient was not included in the safety population. Figure [1](#Fig1){ref-type="fig"} is a CONSORT diagram showing the flow of patients. Drug compliance was \> 95.0% for all study drugs and was highest (97.72%) for remogliflozin etabonate 250 mg.Fig. 1CONSORT diagram. *eGFR* estimated glomerular filtration rate, *FPG* fasting plasma glucose, *HbA1c* glycated hemoglobin, *mITT* modified intent-to-treat, *PP* per protocol

Patient Characteristics {#Sec11}
-----------------------

The mean ± SD age of patients was comparable across the treatment groups: 50.86 ± 8.76 years in group 1; 50.87 ± 8.45 years in group 2; and 50.15 ± 9.90 years in group 3. All patients enrolled in the study were Asian Indians. The distribution of men and women was similar across the treatment groups, with a slightly higher proportion of men than women in each group. Mean BMI, bodyweight, and height of patients was comparable across the treatment groups. The mean ± SD HbA1c level at screening visit was 8.19 ± 0.79% in group 1; 8.28 ± 0.82% in group 2; and 8.26 ± 0.81% in group 3 (Table [1](#Tab1){ref-type="table"}).Table 1Demographic characteristicsParametersGroup 1 (REM 100 mg; *n* = 224)Group 2 (REM 250 mg; *n* = 241)Group 3 (DAP 10 mg; *n* = 146)Age (years)50.86 ± 8.7650.87 ± 8.4950.15 ± 9.90Sex Male128 (57.1)127 (52.7)85 (58.2) Female96 (42.9)114 (47.3)61 (41.8)BMI (kg/m^2^)28.19 ± 4.6227.82 ± 4.7728.00 ± 4.96Bodyweight (kg)71.24 ± 11.6370.11 ± 12.4472.10 ± 12.81Height (cm)159.2 ± 9.38158.9 ± 8.78160.6 ± 9.18HbA1c (%)8.19 ± 0.798.28 ± 0.828.26 ± 0.81SBP (mmHg)124.9 ± 7.93124.5 ± 8.69124.6 ± 7.68DBP (mmHg)80.3 ± 5.5279.6 ± 5.5978.9 ± 5.04eGFR (mL/min/1.73 m^2^) Male87.9 ± 18.9188.5 ± 20.2089.1 ± 15.73 Female88.5 ± 19.0686.3 ± 19.5687.3 ± 17.92Data are presented as *n* (%) or mean ± standard deviation*BMI* body mass index, *DAP* dapagliflozin, *DBP* diastolic blood pressure, *eGFR* estimated glomerular filtration rate, *HbA1c* glycated hemoglobin, *REM* remogliflozin, *SBP* systolic blood pressure

Efficacy {#Sec12}
--------

### Primary Endpoint {#Sec13}

An overall reduction in mean HbA1c levels was seen at all visits across all the treatment groups. In the PP population, the least-squares mean (LSM) ± standard error (SE) change from baseline in HbA1c levels at week 24 was − 0.72 ± 0.093% in group 1, − 0.77 ± 0.090% in group 2, and − 0.58 ± 0.116% in group 3. The difference in mean change from baseline in HbA1c at 24 weeks between group 1 and group 3 was − 0.14% (95% confidence interval \[CI\] − 0.42 to 0.14; *p* = 0.332) and between group 2 and group 3 was − 0.19% (95% CI − 0.47 to 0.09; *p* = 0.190). The *p* value for noninferiority of both comparisons, namely group 1 versus group 3 and group 2 versus group 3 was *p* \< 0.001 for change in HbA1c at 24 weeks (Figs. [2](#Fig2){ref-type="fig"}a, [3](#Fig3){ref-type="fig"}a). Similarly, the mITT population showed that the LSM change ± SE from baseline in HbA1c levels at week 24 was − 0.68 ± 0.087, − 0.73 ± 0.083, and − 0.62 ± 0.109% in groups 1, 2, and 3, respectively. The mean difference between both doses of remogliflozin etabonate and dapagliflozin (group 1 vs. 3: mean difference − 0.07%; 95% CI − 0.33 to 0.20; *p* = 0.626; group 2 vs. group 3: mean difference − 0.11%; 95% CI − 0.37 to 0.15; *p* = 0.406) was noninferior (*p* = 0.001 and *p* \< 0.001, respectively) for both the comparisons (Figs. [2](#Fig2){ref-type="fig"}b, [3](#Fig3){ref-type="fig"}b). Similar observations were noted using all sensitivity analyses in both PP and mITT populations.Fig. 2Analysis of mean change in HbA1c concentration from baseline at week 12 and week 24 across the treatment groups. Data shown as least-squares mean (95% confidence interval); intergroup comparison *p* value; group 1, remogliflozin etabonate 100 mg; group 2, remogliflozin etabonate 250 mg; group 3, dapagliflozin 10 mg. Mean change in HbA1c concentration from baseline to week 24 of **a** PP population and **b** mITT population and from baseline to week 12 of **c** PP population and **d** mITT population. *HbA1c* glycated hemoglobin, *mITT* modified intent-to-treat, *PP* per protocolFig. 3Forest plot of treatment difference of mean change in HbA1c (%) levels from baseline at 24 weeks (PP and mITT population). **a** PP: *p* values of noninferiority for remogliflozin etabonate 100 mg---dapagliflozin and remogliflozin etabonate 250 mg---dapagliflozin: \< 0.001, \< 0.001, respectively. **b** mITT: *p* values of noninferiority for remogliflozin etabonate 100 mg---dapagliflozin and remogliflozin etabonate 250 mg---dapagliflozin: 0.001, \< 0.001, respectively. *HbA1c* glycated hemoglobin, *mITT* modified intent-to-treat, *PP* per protocol

### Secondary Endpoints {#Sec14}

In the PP and mITT populations, remogliflozin etabonate 100 and 250 mg were noninferior to dapagliflozin 10 mg in reducing HbA1c levels from baseline at week 12 (PP: LSM difference in change − 0.09% \[95% CI − 0.35 to 0.16; *p* = 0.479; *p* value for noninferiority \< 0.001\] and − 0.23% \[95% CI − 0.48 to − 0.02; *p* = 0.076, *p* value for noninferiority \< 0.001\], respectively, and mITT: LSM difference in change − 0.02% \[95% CI − 0.25 to 0.22; *p* = 0.870; *p* value for noninferiority = 0.001\] and − 0.14% \[95% CI − 0.37 to 0.09; *p* = 0.244; *p* value for noninferiority \< 0.001\], respectively; Fig. [2](#Fig2){ref-type="fig"}c, d).

In the PP and mITT populations, the proportion of patients who achieved glycemic response was 46 and 36.4%, 48.2 and 37.1%, and 38.6 and 30.3% in groups 1, 2, and 3, respectively. Similarly, the proportion of patients who used rescue medication in groups 1, 2, and 3 was 22.7 and 17.5%, 15.7 and 12.1%, and 26.7 and 21.2%, respectively. However, the difference between the treatment groups was not statistically significant (*p* \> 0.05) (Fig. [4](#Fig4){ref-type="fig"}a, b).Fig. 4Mean change in difference in proportion of patients with \< 7% HbA1c and patients using rescue medication at week 24. Data shown as least-squares mean (95% confidence interval); intergroup comparison *p* value; group 1, remogliflozin etabonate 100 mg; group 2, remogliflozin etabonate 250 mg; group 3, dapagliflozin 10 mg. **a**, **b** Difference in proportion of patients with \< 7% HbA1c and patients using rescue medication at week 24. *HbA1c* glycated hemoglobin, *mITT* modified intent-to-treat, *PP* per protocol

Reductions in FPG and PPG concentrations from baseline were observed at weeks 12 and 24 in all treatment groups. In the PP population, for groups 1, 2, and 3, the LSM ± SE change from baseline at week 24 in FPG concentrations was − 17.86 ± 2.95, − 20.94 ± 2.93, and − 20.23 ± 3.59 mg/dL and in PPG concentrations was − 39.2 ± 5.36, − 41.5 ± 5.28, and − 32.4 ± 6.54 mg/dL, respectively. However, no statistically significant difference was observed in the mean difference in change from baseline between group 1 or group 2 and group 3. Similarly, in the mITT populations, no significant difference was observed between the treatment groups in LSM ± SE change from baseline in FPG (− 17.54 ± 2.87, − 20.51 ± 2.80, and − 20.45 ± 3.47 mg/dL) and PPG (− 37.2 ± 5.12, − 39.0 ± 4.95, and − 31.1 ± 6.21 mg/dL) concentrations at week 24 (Fig. [5](#Fig5){ref-type="fig"}a--d). Figure [5](#Fig5){ref-type="fig"}a--d present the mean change from baseline in FPG and PPG concentrations at week 12 for both PP and mITT populations.Fig. 5Mean change in FPG and PPG concentrations from baseline at week-12 and -24 across the treatment groups. Data shown as least-squares mean (95% confidence interval); intergroup comparison *p* value; group 1, remogliflozin etabonate 100 mg; group 2, remogliflozin etabonate 250 mg; group 3, dapagliflozin 10 mg. Mean change in FPG concentration from baseline to week 12 and 24 of **a** PP and **b** mITT populations. Mean change in PPG concentration from baseline to week 12 and 24 of **c** PP and **d** mITT populations. *FPG* fasting plasma glucose, *HbA1c* glycated hemoglobin, *mITT* modified intent-to-treat, *PP* per protocol, PPG postprandial plasma glucose

The mean change ± SE in total bodyweight at week 12 and 24 in group 1 (− 1.85 ± 0.16 and − 2.94 ± 0.22 kg), group 2 (− 2.13 ± 0.15 and − 3.17 ± 0.22 kg), and group 3 (− 2.09 ± 0.19 and − 2.8 ± 0.28 kg) were comparable in the mITT populations (Fig. [6](#Fig6){ref-type="fig"}).Fig. 6Mean change in bodyweight from baseline at week 12 and 24 across the treatment groups. Mean change in bodyweight from baseline to week 12 and 24 of modified intent-to-treat population. Data shown as least-squares mean (95% confidence interval); intergroup comparison *p* value; group 1, remogliflozin etabonate 100 mg; group 2, remogliflozin etabonate 250 mg; group 3, dapagliflozin 10 mg

No treatment- or dose-related trends were noted in terms of SBP and DBP. The reduction in mean SBP and DBP at week 24 was as follows: group 1, − 2.6 and − 2 mmHg, group 2, − 2.6 and − 0.7 mmHg, group 3, − 3.9 and − 1 mmHg, respectively (Fig. [7](#Fig7){ref-type="fig"}).Fig. 7Mean change in SBP and DBP at week 24 across the treatment groups. Data shown as mean change from baseline to week 24 in SBP and DBP in safety population. Group 1, remogliflozin etabonate 100 mg; group 2, remogliflozin etabonate 250 mg; group 3, dapagliflozin 10 mg. *DBP* diastolic blood pressure, *SBP* systolic blood pressure

No statistically significant difference in change from baseline in TC, LDL-C, HDL-C, TG, TC/HDL-C, or HDL-C/LDL-C was observed between the treatment groups. The lipid profile parameters at the end of 12 and 24 weeks are presented in Table [2](#Tab2){ref-type="table"} and supplementary table 1, respectively.Table 2Lipid parameters with remogliflozin 100 or 250 mg vs. dapagliflozin 10 mg (24 week)At week 24Mean change from baselineBetween-group difference (95% CI); *p* valueGroup 1 (REM 100 mg; *n* = 217)Group 2 (REM 250 mg; *n* = 232)Group 3 (DAP 10 mg; *n* = 132)Group 1 vs. 3 (DAP 10 mg vs. REM 100 mg)Group 2 vs. 3 (DAP 10 mg vs. REM 250 mg)Total cholesterol (mg/dL)− 2.2 ± 2.620.3 ± 2.55− 7.1 ± 3.184.9 (− 2.4 to 12.3); 0.1897.4 (0.1 to 14.7); 0.048LDL-C (mg/dL)4.8 ± 2.295.1 ± 2.22− 0.0 ± 2.794.8 (− 1.6 to 11.3); 0.1425.1 (− 1.4 to 11.5); 0.121HDL-C (mg/dL)3.1 ± 0.743.9 ± 0.721.5 ± 0.921.5 (− 0.6 to 3.7); 0.1632.3 (0.2 to 4.5); 0.032Triglycerides (mg/dL)− 11.3 ± 4.93− 11.3 ± 4.78− 14.2 ± 5.992.9 (− 11.0 to 16.8); 0.6812.9 (− 10.9 to 16.7); 0.679Total cholesterol/HDL-C− 0.36 ± 0.07− 0.31 ± 0.07− 0.32 ± 0.09− 0.04 (− 0.24 to 0.16); 0.6870.01 (− 0.18 to 0.21); 893HDL-C/LDL-C− 0.00 ± 0.030.05 ± 0.030.00 ± 0.04− 0.00 (− 0.11 to 0.10); 0.9250.04 (− 0.06 to 0.14); 0.393Data are presented as mean ± standard deviation unless otherwise specified*CI* confidence interval, *DAP* dapagliflozin, *HDL-C* high-density lipoprotein cholesterol, *LDL-C* low-density lipoprotein cholesterol, *REM* remogliflozin

Safety {#Sec15}
------

The incidence of TEAEs was largely comparable across the three treatment groups at 32.6%, 34.4%, and 29.5% in groups 1, 2, and 3, respectively. The incidence of study drug-related TEAEs was comparable across the three treatment groups at 8.5% in group 1; 13.7% in group 2; and 6.8% in group 3. Overall, TEAEs that led to permanent discontinuation of study drug were reported in 11 patients (1.3% in group 1; 2.5% in group 2; and 1.4% in group 3) (supplementary table 2). No deaths or serious AEs (SAEs) occurred during the study period. With regards to the AEs of special interest (hypoglycemia, genital fungal infection, and UTI), no clinically relevant difference was found in the incidence of hypoglycemia (1.3%, 0.4%, and 1.4%, respectively), genital fungal infections (1.2%, 1.8%, and 2.7%, respectively), male UTI (2.2%, 1.7%, and 0.7%, respectively), or female UTI (0.9%, 5.0%, and 1.4%, respectively) (Table [3](#Tab3){ref-type="table"}).Table 3Summary of adverse eventsAEsGroup 1 (REM 100 mg; *n* = 224)Group 2 (REM 250 mg; *n* = 241)Group 3 (DAP 10 mg; *n* = 146)TEAEs73 (32.6)83 (34.4)43 (29.5)AEs leading to discontinuation3 (1.3)6 (2.5)2 (1.4)AEs considered related to IP19 (8.5)33 (13.7)10 (6.8)Serious AEs000AEs leading to death000AEs \> 2% in any group Pyrexia10 (4.5)3 (1.2)1 (0.7) Bacteriuria4 (1.8)7 (2.9)2 (1.4) Viral URTI1 (0.4)4 (1.7)3 (2.1) Decreased GFR1 (0.4)7 (2.9)0 Dyslipidemia3 (1.3)5 (2.1)5 (3.4) Pain in extremity1 (0.4)2 (0.8)3 (2.1) Dizziness1 (0.4)1 (0.4)3 (2.1) Headache4 (1.8)8 (3.3)5 (3.4) Ketonuria6 (2.7)2 (0.8)1 (0.7) Cough2 (0.9)5 (2.1)3 (2.1) UTI  Male5 (2.2)4 (1.7)1 (0.7)  Female2 (0.9)12 (5.0)2 (1.4)AEs of special interest Hypoglycemia3 (1.3)1 (0.4)2 (1.4) Vulvovaginitis, balanitis, and related genital infections4 (1.8)3 (1.2)4 (2.7) UTI7 (3.1)16 (6.6)3 (2.1)Data are presented as *n* (%)*AEs* adverse events, *DAP* dapagliflozin, *GFR* glomerular filtration rate, *IP* investigational product, *REM* remogliflozin, *TEAEs* treatment-emergent AEs, *URTI* upper respiratory tract infection, *UTI* urinary tract infection

No treatment- or dose-related trends were noted in the clinical biochemistry, hematology, urinalysis, and vital signs data during the study. No clinically relevant difference was found in the vital signs, physical examination, 12-lead ECG, hematology, clinical biochemistry (including eGFR and serum creatinine), or urine analysis in groups 1 and 2 compared with group 3 (supplementary Table 3).

Discussion {#Sec16}
==========

This was a phase III clinical trial to evaluate the efficacy and safety of remogliflozin etabonate, a new SGLT2 inhibitor, compared with dapagliflozin in patients with T2DM. Remogliflozin etabonate 100 and 250 mg was noninferior to dapagliflozin 10 mg in reducing HbA1c at week 24. Overall, there was no clinically relevant or statistically significant difference between the three groups in reductions in HbA1c, FPG, PPG, bodyweight, or BP in the proportion of patients achieving therapeutic glycemic response or the proportion of patients requiring rescue medication. AEs were comparable between the three groups.

Two recent trials that studied the safety and efficacy of remogliflozin etabonate (QD and BID) reported that the reduction in HbA1c in patients receiving remogliflozin etabonate 500 mg QD or 250 mg BID was 0.34% and 0.59%, respectively. Overall, patients treated with remogliflozin etabonate had significant reductions in HbA1c levels (0.5--1.0%) compared with placebo after 12 weeks, and efficacy improved when the drug was administered BID \[[@CR17], [@CR18]\]. These observations corroborate the present study observations. Dobbins et al. \[[@CR19]\] also concluded that administration of remogliflozin etabonate for 12 days was well-tolerated and resulted in clinically meaningful improvements in plasma glucose accompanied by changes in bodyweight and BP in patients with T2DM.

The SGLT2 inhibitors available on the market have been primarily studied in Caucasian populations, with only a small representation of Asian and Indian populations. Asian and Indian populations differ from Caucasian populations in terms of genetic make-up, BMI, and dietary habits, and the diabetes phenotype, risk for microvascular and macrovascular complications, and response to glucose-lowering agents all differ in Indian populations \[[@CR20]--[@CR22]\]. Hence, these results could not be extrapolated to non-Indian populations. Although, globally, the highest number of patients with DM are in India, no SGLT2 inhibitor has been separately studied in an Indian population. This is the first study to report the efficacy and safety of an SGLT2 inhibitor in a representative sample of an Indian DM population. A recent meta-analysis of 17 trials with Asian patients and 39 trials with non-Asian patients demonstrated no significant difference in the efficacy (reduction in HbA1c and bodyweight) or the risk of all‐cause mortality or hypoglycemia with SGLT2-inhibitor treatment between Asian and non‐Asian patients with T2DM. In spite of the significant disparity in baseline BMI and bodyweight between Asian and non-Asian patients, there was no correlation between bodyweight reduction from baseline and HbA1c changes from baseline or baseline weight or BMI in both Asian and non‐Asian populations. Various mechanisms thought to be responsible for the effect of SGLT2 inhibitors on bodyweight may include caloric loss through glucose excretion in the urine, the reduced total body fat and lean body mass and visceral adipose tissue, or improvements in weight‐related quality of life \[[@CR23]\].

The present study reported comparable reductions in bodyweight between the three groups, accounting for nearly 3 kg, which is in concordance with bodyweight reductions observed with other SGLT2 inhibitors \[[@CR24]\]. Sykes et al. \[[@CR18]\] demonstrated parallel results showing significant reductions in bodyweight, ranging from 1.36 to 3.51 kg at week 12 in patients receiving remogliflozin etabonate compared with the placebo group (*p* \< 0.015). They also reported increased serum LDL-C concentrations from baseline at week 12, with an increase in TC and HDL-C concentrations and a decreasing trend in TG concentrations \[[@CR18]\]. A recent meta-analysis by Storgaard et al. \[[@CR24]\] reported that SGLT2 inhibitors were associated with increased HDL-C compared with placebo (0.05 mmol/L, 0.04--0.07 mmol/L) and LDL-C (0.09 mmol/L, 0.04--0.14 mmol/L), and decreased TG (− 0.09 mmol/L, − 0.16 to − 0.02 mmol/L) \[[@CR24]\]. In the present study, remogliflozin etabonate 250 mg was associated with a greater increase in HDL-C than were dapagliflozin 10 mg and remogliflozin etabonate 100 mg, but the difference was not significant. Both doses of remogliflozin etabonate had comparable effects in reducing TC, LDL-C, and TG after 24 weeks. However, conflicting observations from previous studies need further confirmation. Dose-dependent associations between the use of approved SGLT2 inhibitors and elevations in LDL-C concentrations is common. On the other hand, 12 weeks of remogliflozin etabonate QD showed no significant changes in the plasma levels of LDL-C, HDL-C, TC, or TG, whereas BID dosing at 250 and 500 mg showed a significant increase in LDL-C and HDL-C levels, with reductions in TG concentrations \[[@CR17], [@CR18]\]. Although increases in LDL-C with remogliflozin etabonate have not been attributed to any particular reason, it is important to consider its impact on cardiovascular events during the treatment of patients with T2DM.

The safety and tolerability of remogliflozin etabonate was in line with the known safety profile of SGLT2 inhibitors \[[@CR10], [@CR25]\]. Hypoglycemia is a clinically important adverse effect of glucose-lowering agents and is more common when multiple glucose-lowering agents are co-administered. In this study, the incidence of hypoglycemia was comparable to that known for dapagliflozin, and none of the events were severe or required discontinuation from the study. None of the severe AEs were serious or considered drug related. No deaths or SAEs were reported. UTIs and genital infections are an area of special focus for studies of SGLT2 inhibitors. UTIs were reported in 2.1--6.6% of patients, with most patients experiencing only one incidence of UTI, and none of the UTIs led to discontinuation from the study. All AEs were of mild or moderate intensity and resolved either with self-treatment or responded readily to conventional interventions. The incidence of genital fungal infection was non-dose-ordered and occurred at the lowest rate (1.2%) in those receiving remogliflozin etabonate 250 mg. No new safety issues were identified with remogliflozin etabonate during this clinical study. The observations of two clinical trials are in alignment with those of the present study, which showed remogliflozin etabonate BID was well-tolerated in patients with T2DM \[[@CR17], [@CR18]\].

The results of this study should be interpreted in the context of some limitations. In total, 28% of the subjects did not complete the study so were not included in the PP analysis. The withdrawal rate was comparable between the three groups. We had estimated that 519 subjects would be required to achieve a power of 90% to demonstrate noninferiority assuming a 0% difference in the mean HbA1c between the treatment groups. However, a higher rate of withdrawal than anticipated meant that 445 subjects were available for PP analysis. We did not perform a post hoc power estimation, as these are not considered useful \[[@CR26]\]. However, the mean difference in HbA1c change from baseline was − 0.14% with remogliflozin etabonate 100 mg and − 0.19% with remogliflozin etabonate 250 mg, in favor of remogliflozin compared with dapagliflozin. The CI of the mean difference extended up to 0.10% in the remogliflozin etabonate 100 mg comparison and 0.05% in the remogliflozin etabonate 250 mg comparison, far from the noninferiority margin of 0.35, providing high significance levels of \< 0.001 for both comparisons. Thus, the results were definitive and not borderline. In addition, for noninferiority comparison, both PP and ITT analyses are considered equally important \[[@CR27]\]. In the mITT population, 581 subjects were available for analysis, and noninferiority was clearly demonstrated with high statistical significance. Hence, we do not expect the higher withdrawal rate to have an impact on the noninferiority conclusion.

Increased blood glucose is associated with microvascular and macrovascular complications of diabetes, and reducing blood glucose is an important goal in the management of diabetes \[[@CR28], [@CR29]\]. Although the use of a placebo arm in the study would have helped in the estimation of a true treatment effect, ethical concerns regarding denial of available standard of care to patients with hyperglycemia led us to choose comparison with dapagliflozin as an active comparator. Dapagliflozin is an SGLT2 inhibitor approved in India for the treatment of T2DM and is standard of care for patients requiring treatment with an SGLT2 inhibitor. The efficacy and safety of dapagliflozin is well-established. The mean change from baseline HbA1c at week 24 of − 0.58%, observed with dapagliflozin 10 mg, is in line with known HbA1c reductions with dapagliflozin 10 mg of − 0.57% (95% CI − 0.67 to − 0.46%) reported in a meta-analysis \[[@CR30]\].

Conclusion {#Sec17}
==========

Remogliflozin etabonate significantly improved glycemic control in patients with T2DM inadequately controlled on metformin sustained over 24 weeks. Remogliflozin etabonate 100 and 250 mg were both well-tolerated and effective, and efficacy was noninferior to dapagliflozin 10 mg QD in the treatment of patients with T2DM. However, comparable effects on secondary endpoints need confirmation.
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